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Introduction
Hydride generation atomic absorption spectrometry (HGAAS) is among the best current techniques for the determination of arsenic at low levels in various matrices [1] [2] [3] [4] . One of the problems with this technique is the considerable difference in sensitivities obtained for the hydrides generated from various inorganic and organic arsenic species. The HG response for arsenite, arsenate, monomethylarsonate (MMA) and dimethylarsinate (DMA) depends on the type and concentration of the acidic medium, the concentration of the sodium tetrahydroborate, reaction time, and the HGAAS system used for the measurements [5] [6] [7] [8] . The absorption signals obtained for these four arsenic species depend also on sample matrix. Biotic samples contain carboxylic acids, hydroxo-and amino-acids or monosaccharides like glucose and fructose. Ethylenediaminetetraacetic acid, disodium salt (EDTA, 0.05 mol L -1 ) is a common extractant from soils [9] [10] [11] [12] and is routinely applied to assess the potential bioavailability of essential and toxic elements. Some procedures for stabilization of arsenic species in water also involve EDTA [13, 14] . EDTA has also been used as a masking agent to eliminate interferences from transition metals on the determination of arsenic by HGAAS [15] [16] [17] [18] [19] . The effect of EDTA on the generation of arsines has not been investigated, probably because of the assumption that arsenic does not form complexes with EDTA.
It is well known that soil humin contains one of the best chelating ligands. For direct determination of As in soils, it is important to know how those ligands affect the generation of arsenic hydrides.
Ascorbic acid is frequently applied as a pre-reductant for As(V) together with iodide in order to prevent the liberation of iodine. The influence of ascorbic acid on the generation of hydrides of various arsenic species has not previously been studied in detail.
In biomedical research, some common pH buffers with pH around 7 contain aminocarboxylic acids such as N,N-bis(2-hydroxyethyl)-glycine (BICIN). The effect of these buffers on the generation of arsines is unclear.
Fruit juices, soft drinks and food contain monosaccharides, like glucose and fructose. For direct determination of As in these products is important to know how these monosaccharides affect the generation of arsenic hydrides.
The aim of this study was to investigate the influence of various types of carboxylic acids, their amino-and hydroxo-derivatives, and monosaccharides on the efficiency of the arsine generation from inorganic (As(III), As(V)) and methylated (MMA, DMA) arsenic species, using continuous flow (CF) hydride generation. These four hydride active As species were determined in aqueous solutions and in the presence of various concentrations of EDTA, oxalic acid, malonic acid, fructose, glucose, tartaric acid, ascorbic acid, BICIN, glycine and soil humic substances. Elucidation of the effect of the presence of these components on hydride generation process will contribute to improving the accuracy of analysis.
Experimental Procedures

Apparatus
A continuous flow Vapour Generation Accessory model VGA-77 (Varian) connected to a double beam atomic absorption spectrometer model SpectrAA 55B or Model 240 (Varian) were employed for HGAAS measurements [20] . The sample and acid are merged before the NaBH 4 reductant solution enters the stream. Argon is then introduced into the liquid stream and the HG reaction proceeds while the mixture is flowing through the reaction coil. Evolution of hydrogen during the reaction assists stripping off hydrides from solution into the purge flow of argon. The gas stream from the gas-liquid separator enters an electrically heated T-shaped quartz cell with an Electrothermal Temperature Controller (ETC-60). Instrumental parameters are given in Table 1 .
Reagents
All chemicals used were of analytical reagent grade. Double distilled water (DDW) was used throughout the experiments. The arsenic reagents were as follows: arsenic(III) chloride stock standard solution, 1000 mg L -1 As (BDH, Poole, UK), 1000 mg L -1 As(V) (Titrisol standard, Merck, 9989); disodium salt of monomethylarsonic acid, CH 3 AsO(ONa) 2 ·6H 2 O (Carlo Erba, Italy); sodium salt of dimethylarsinic acid, C 2 H 6 O 2 AsNa·3H 2 O (Carlo Erba, Italy). Stock solutions of MMA and DMA (10 mg L -1 as As) were prepared monthly and kept refrigerated at 4°C without adding preservatives. Working standard solutions were prepared daily by appropriate dilution with doubly distilled water. Sodium tetrahydroborate (p.a., Merck) solution (0.6% m/v) in 0.5% m/v sodium hydroxide was prepared prior to use. All other reagents were qualification p.a. (Merck). The humic fractions were extracted from soil as described elsewhere [21] [22] [23] but without separation of fulvic and humic acids.
Glassware was pre-cleaned by soaking for 24 h in 15% v/v HNO 3 and 15% v/v HCl, followed by copious rinsing with doubly distilled water.
The following certified reference materials (CRM) 'Trace and Minor Elements in Lake Sediment' IAEA-SL-1 and IAEA-SL-3 and 'Trace Elements in Soil' IAEA-Soil-5 and IAEA-Soil-7 from the International Atomic Energy Agency (IAEA, Vienna, Austria) were used.
Experimental design
Aqueous standard solutions (4 µg L -1 as As) for the four arsenic species (As(III), As(V), MMA and DMA) were prepared either in water only or in the presence of different carboxylic acids. Concentration ranges of additives are shown in Table 2 . Influence of EDTA, carboxylic acids, amino-and hydroxocarboxylic acids and monosaccharides on the generation of arsines in hydride generation atomic absorption spectrometry Carboxylic acids were chosen to cover various types of functional groups like hydroxy-, amino-, dicarboxy-, polycarboxy-and polyhydroxy-. The effect of various carboxylic acids on the generation of inorganic arsine and methylated hydrides, AsH 3 , CH 3 AsH 2 and (CH 3 ) 2 AsH, respectively, was studied at fixed concentrations of NaBH 4 (0.6% m/v NaBH 4 in 0.5% m/v NaOH) in the reductant channel and HCl (1.2 mol L -1 ) in the acid channel. The measurement error was determined from 10 replicates.
Preparation of EDTA extracts of soil and sediment CRMs
Extractions with EDTA (0.05 mol L -1 , pH 6-7) were performed with 200 mg samples of air-dried soil or sediment. The powdered sample was weighed in a 15 mL centrifuge tube. Then 2 mL of 0.05 mol L -1 EDTA solution was added. The tube with the mixture was placed in an end-over-end shaker for 1 h in a room at 20±2 o C. After shaking, the sample was filtered through a filter paper (narrow pore 'blue ribbon' paper filter, previously rinsed with 0.05 mol L -1 EDTA followed by doubly distilled water) into a 50 mL volumetric flask and the residue was washed with 15 mL 0.05 mol L -1 EDTA. The volume of the flask was adjusted to the mark with doubly distilled water. After homogenization, two 10 mL aliquots from the filtrate were transferred to 25 mL volumetric flasks. The first flask was adjusted to the mark with doubly distilled water for determination of the sum of As(III) + MMA + DMA by CF-HGAAS in the EDTA extract under experimental conditions given in Table 1 . The extract in the second flask was treated with 5 mL 65% m/v HCl, 0.5 g KI and 0.1 g ascorbic acid and left for 2 h at room temperature. Then sample was neutralized with 2 mol L -1 NaOH (about 5-5.5 mL of 2 mol L -1 NaOH) to pH 5-7 and the volume was adjusted to the mark with doubly distilled water. This sample solution was used for determination of the extracted fraction of the hydrideforming arsenic [As(III) + As(V) + MMA + DMA] by CF-HGAAS using the same experimental parameters ( Table 1 ). The content of As(V) is obtained by difference. Reagent blanks were prepared and run as well.
Results and discussion
Effect of EDTA on the generation of arsines
The influence of EDTA concentration in the sample solution on arsine generation responses for As(III), As(V), MMA and DMA is presented in Fig. 1 . Surprisingly, EDTA equalizes the absorption signals for AsH 3 , CH 3 AsH 2 and (CH 3 ) 2 AsH in concentration range of 0.02-0.03 mol L -1 EDTA at pH range of the solutions 5−7. The slight differences in signals are within measurement error. For determination of As(V), together with above mentioned species, a preliminary reduction to As(III) is required. Quantitative reduction is possible in the presence of HCl (2-4 mol L -1 HCl) with KI-ascorbic acid or NH 2 OH.HCl. In order to obtain the desired identical sensitivity for all arsenic species, sample solutions have to be neutralized to pH 5-7 (e.g. with aq. ammonia or NaOH) prior to hydride generation. At pH 1-4 the observed differences between the analytical responses for As(III), MMA and DMA reach 30%. High concentrations of EDTA in sample solutions (>0.03 mol L -1 ) should be avoided because of risk of clogging the reaction coil of the HGAAS system. In the presence of HCl insoluble deposits are formed, probably of ethylenediaminetetraacetic acid.
Effect of ascorbic acid on the generation of arsines
The generation of arsines in samples containing 0.02-0.1 mol L -1 ascorbic acid was investigated without additional acid in the sample, and in aqueous solutions of ascorbic acid in the presence of 0.05 mol L -1 HCl in the sample. In all cases, independently of the concentration of ascorbic acid in the sample, the observed absorption signals for As(III), MMA and DMA were equal within the range of measurement error. It is known that the reductant KI-ascorbic acid by itself does not equalize sensitivities/signals of these inorganic and methylated arsenic species [24] , probably because of insufficient ascorbic acid for complexation. This could be due to the oxidation of ascorbic acid to dehydroascorbic acid by the released iodine, thus eliminating the -OH groups, and hence the possibility for complexation and equalizing sensitivity.
Effect of dicarboxylic acids on the generation of arsines
Tartaric, oxalic and malonic acids were investigated as representatives of environmentally encountered organic acids. The observed effects on the generation of arsines are shown in Fig. 2 . Tartaric acid enhances sensitivity for As(III) as compared to pure aqueous solutions, while reducing sensitivity for MMA and DMA at higher concentrations. Only a negligible fraction of As(V) forms volatile hydride in the presence of tartaric acid.
Organic species of arsenic, MMA and DMA give equal absorption signals yet about 20% lower than As(III) in the presence of oxalic acid (0.2 mol L -1 ). Under these conditions the response for As(V) is 10-fold lower vs. the As(III) species.
Malonic acid (0.2 mol L -1 ) provides the same sensitivity for As(III) and MMA but suppresses the (CH 3 ) 2 AsH signal by ca. 20% (with SD ~5%). Only 10% of As(V) generates hydride in this medium.
Influence of aminocarboxylic acids
The influence of two aminocarboxylic acids glycine (aminoacetic acid) and BICIN (N,N-bis(2-hydroxyethylglycine) on the generation of AsH 3 , CH 3 AsH 2 and (CH 3 ) 2 AsH is presented in Fig. 2 . Addition of glycine (0.1 mol L -1 ) results in almost identical sensitivities for As(III) and DMA, while the signal for MMA is depressed by ca. 30%. The As(V) signal is 5-fold lower vs. As(III).
Influence of monosaccharides
Glucose and fructose effects were examined. In the presence of glucose and fructose the signals from As(III), MMA and DMA are practically identical up to HCl concentrations of 0.05 mol L -1 . The As(V) calls for prereduction to As(III) because only about 20% of As(V) generates hydride in presence of monosaccharides.
Influence of humic substances on the generation of arsines
The concentration of humic substances was varied in the range 0.00004-0.12%, in accordance with their natural concentration in environmental waters and soil extracts. Their effect on four As species is presented in Fig. 3 . At the lowest level of this concomitant (4 × 10 -5 %), the difference in responses for As(III), MMA and DMA vs. aqueous solutions of As(III) is within the measurement error. Then the signal from all species gradually decreased with increasing concentration of humic matter.
Effect of HCl concentration
Observations on the effects of additives have shown that EDTA, ascorbic acid, glucose and fructose bring the same response for the three arsenic species: As(III), MMA and DMA at pH 5-7. Ascorbic acid, glucose and fructose maintain their leveling effect on the sensitivities for AsH 3 , CH 3 AsH 2 and (CH 3 ) 2 AsH at pH 1.3-2 (0.01-0.05 mol L -1 HCl). These results could indicate that complexes of arsenic species with EDTA, ascorbic acid, glucose and fructose are rapidly converted into their Influence of EDTA, carboxylic acids, amino-and hydroxocarboxylic acids and monosaccharides on the generation of arsines in hydride generation atomic absorption spectrometry respective arsines by BH 4 -at low HCl concentrations, in a similar manner to thiolate complexes of As(III), MMA and DMA [6] .
At higher HCl concentrations (>1 mol L -1 ) which are required for pre-reduction of As(V) to As(III) with KI [1, 18] or which result from the sample decomposition step, the additives EDTA, ascorbic acid, glucose and fructose are not effective for equalizing the responses of DMA and MMA. In 4 mol L -1 HCl medium the absorbance signals are the same as for pure aqueous solutions. It is probable that at high acid concentrations, the arsines are generated or atomized in excess of hydrogen by a different mechanism [25] . Hydrogen produced by the rapid decomposition of BH 4 -in such acidic medium could affect hydride generation, stripping off solution and atomization of hydrides.
Determination of EDTA extractable arsenic in soils and sediments
Extracts from soil and sediment CRMs were prepared as described in Section 2.4. The calibration was performed with aqueous standard solutions of As(III) containing 0.02 mol L -1 EDTA (pH 5-6). The calibration curve is linear (r = 0.99) in the range 1-6 µg L -1 As in diluted extracts. The procedure allows detection of 0.2 mg kg -1 EDTA extractable As in a soil/sediment sample. The within-day precision was 3-7% RSD (five independent replicates), the between-day precision (during 3 different non-consecutive days) was 4-10% RSD. The recovery of spikes of As(III), As(V), MMA and DMA (0.7 and 25 mg kg -1 As), passed through the whole extraction and measurement procedure was between 95 and 103%, with relative uncertainty of ~3%.
The results obtained for EDTA extracts from some soil and sediment CRMs are presented in Table 3 .
Conclusions
EDTA (pH 5-7), ascorbic acid, glucose and fructose (pH 1.3-7) have an equalizing effect on the sensitivities for AsH 3 , CH 3 AsH 2 and (CH 3 ) 2 AsH. The determination of As(V) in all studied media requires pre-reduction to As(III). The suppression of signals for mono-or dimethylated arsenic was less than 20% by humic substances and dicarboxylic acids, while ca. 30% depression for MMA has been encountered in the presence of aminocarboxylic acids. Table 3 . EDTA extractable contents of arsenic species in IAEA CRMs (µg g -1 as As in solid sample, n = 5).
a 95% confidence interval in parentheses.
